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Abstract—A numerical model for flood and storm surge
forecasting on the Odet river (Brittany) was developed by the
Cerema. This model was ordered by the “Service de Pre´visions
des Crues Vilaine et Coˆtiers Bretons (SPC VCB)” (i.e. flood
forecasting service for Brittany) in order to extend its tool set.
The simulations are performed with the numerical 1D model
MASCARET.
Upstream, on each tributary, the model goes up to a hy-
drometric station, where continuous flow and water height
measurements are available. Downstream, the boundary of the
model is the estuary of the river Odet, where are also available
water height measurements.
The purpose of the model is the forecast of water height at
the three stations Moulin Vert (river Steir), Kervir and Justice
(river Odet) which are located in the city of Quimper.
At first, the model is calibrated with measurements upstream
and downstream: measured flow upstream, measured water
height at the estuary. Then it is tested in operational conditions.
The model is thus supplied with
 at the upstream boundaries, flows calculated by an hydro-
logical GRP model, supplied with rain forecasts;
 at the downstream boundary, tide and storm surge forecasts.
This paper focuses on the calibration and the validation of the
model against data measurements.
I. INTRODUCTION
The cities of Quimper, Guengat and Ergue-Gaberic are
often subject to overflows of rivers, leading to flooding in
urban areas. These events result from the combination of two
phenomena:
 excessive rainfall over the catchment basin, which con-
sists in deep valleys through which flows the rivers Odet,
Jet and Steir;
 high tides, sometimes increased by storm surges, which
impact goes up to the upstream of Quimper.
The SPC VCB is responsible for flood forecasting in the city
of Quimper. This organization wanted to develop a numerical
model to extend its forecasting tools in this area. Since
early 2016, the Cerema is working on the construction of a
numerical 1D model with MASCARET.
II. PRESENTATION OF THE GEOGRAPHICAL
CHARACTERISTICS OF THE AREA
A. Catchment basin of the river Odet
The river Odet is a coastal river located in the department
of Finistere (Brittany). It flows through the city of Quimper,
and its mouth is located between the resort of Benodet and the
city of Combrit. The river Odet has two tributaries: the river
Jet and the river Steir. Table I summarizes the characteristics
of the sub-catchment basins.
TABLE I: Characteristics of the three rivers Odet, Steir and
Jet over the whole catchment basin
River Odet Jet Steir
Elevation of the source of the river (IGN69) 175 m 200 m 100 m
Total length of the river (km) 66 26 29
Catchment area (km2) 720 116 202
B. Area covered by the MASCARET model
The MASCARET model does not cover the whole catch-
ment basin : it only focuses on urban areas. Figure 1 shows the
segments of the rivers covered by the model. Table II provides
the lengths of modeled river segments.
Continuous flow measurements are available at three up-
stream stations: Treodet (river Odet), Kerjean (river Jet) and Ty
Planche (river Steir). The downstream boundary of the model
is located at Plaisance near the estuary of the river. Continuous
water height measurements are also available at this point. The
stations at the boundaries of the model are represented in green
on figure 1.
The purpose of the model is the forecast of water height at
the three station Kervir, Justice (river Odet) and Moulin Vert
(river Steir), represented in red on figure 1.
III. CONSTRUCTION OF THE HYDRAULIC MODEL
A. Geographical data
Several 1D hydraulic studies have already been made on
the river Odet. Thus some topographic and bathymetric data
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Fig. 1: The rivers Odet, Steir and Jet with the location of the
hydrological stations
were available. These data were occasionnaly completed by
lidar measurements.
B. Geometrical characteristics of the model
The model consists in 253 geometrical cross sections, for a
total length of 35.1 km. Table II indicates the number of cross
sections, bridges and weir for each river. The time step of the
calculation is 180 s. The resolution of the computational mesh
is 5 meters. The horizontal discretization of cross sections is
10 cm. After calibration, Strickler coefficients are between 15
and 41 in the riverbed, and between 5 ans 30 in flood plains.
TABLE II: Characteristics of the three rivers Odet, Steir and
Jet considered in the model
River Odet Jet Steir
Length considered in the model (km) 23.1 5.8 6.2
Number of cross sections in the model 157 14 82
Number of bridges in the model 24 1 13
Number of weir in the model 0 1 4
IV. METHODOLOGY FOR THE CALIBRATION OF THE
HYDRAULIC MODEL
A. Hydraulic data available
To calibrate the MASCARET model, continuous flow and
water height measurements are available. Table III summarizes
the time coverage of available data for each station.
TABLE III: Time coverage of hydraulic data used for the
calibration
Station Type of data used Start of time coverage
Treodet (river Odet) Flow June, 2005
Kerjean (river Jet) Flow May, 2008
Ty Planche (river Steir) Flow June, 2005
Kervir (river Odet) Water height January, 2006
Justice (river Odet) Water height August, 2012
Moulin Vert (river Steir) Water height June, 2005
Plaisance (river Odet) Water height June, 2005
B. General methodology
In this study, the numerical model was calibrated by com-
paring the results of the simulations with the water height
measurements at the three station Kervir, Justice and Moulin
Vert. First, the model was calibrated over the period November
1st, 2013 - February 28th, 2014. This winter was characterized
by numerous events of flood and storm surge. Then the model
was validated over the period November 1st, 2012 - February
28th, 2013. This winter had less storms than the winter used
for the calibration. We can notice that the events used for the
calibration and the validation are uncorrelated.
The assessment of the adequacy of the results of the model
with measurements is realized thanks to two methods:
 a visual analysis, by grahpically comparing the simulated
and the measured water heights;
 a calculation of statistical parameters between the simu-
lated and the measured data.
C. Statistical parameters
Statistical parameters are calculated from the measured and
the simulated series. Let us denote:
 Hobs, the observed water height
 Hmod, the water height model forecast
 n, the number of samples
1) Statistical parameters on the whole distribution: In the
first time, the calculation of statistical parameters is realized
on the whole distribution, to characterize the entire simulated
serie. Four statistical parameters are calculated:
 Mean error
1
n
n∑
t=1
[Hmod(t) Hobs(t)] (1)
 Mean absolute error
1
n
n∑
t=1
|Hmod(t) Hobs(t)| (2)
 Relative mean error
1
n
n∑
t=1
Hmod(t) Hobs(t)
Hobs(t)
(3)
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 Relative mean absolute error
1
n
n∑
t=1
|
Hmod(t) Hobs(t)
Hobs(t)
| (4)
These statistical parameters are calculated for all water
heights and for water height classes. The boundaries of the
classes are defined by the transition threshold used for public
alert levels (green, yellow, orange and red).
2) Characterization of the errors on peaks of water height
during events: We no longer consider the whole series. The
analysis focuses on the representation of flood and storm surge
events. Thus, errors concerning the value and the time offset
of the peak of water height are characterized. For each event,
the maximum of water height measured and simulated are
compared, based on the following formula:
∆H = (Hmod)max  (Hobs)max (5)
Thus it is possible to evaluate the model’s performance on
this specific topic, which is often communicated to the public.
The time offset between the two peaks is characterized in
the same way by the formula:
∆T = T [(Hmod)max] T [(Hobs)max]) (6)
D. Periods for the calculation of statistical parameters
1) Calibration winter 2013-2014: During the calibration
for winter 2013-2014, a set of 11 events were selected. Figure
2 shows the measured water height at the three stations Kervir,
Moulin Vert and Justice during the winter. The events we focus
on are represented in red.
Fig. 2: Measured water height at the three stations Kervir,
Moulin Vert and Justice from November 1st, 2013 to February
28th, 2014. Flood and storm surge events are represented in
red.
2) Special case for the station Justice: Figure 2 highlights
the fact that water height at the station Justice is dominated by
tide effects, even during river floods. So for this location, it is
relevant to analyze the high tide peaks. During the calibration
winter, the calculation of errors on peaks is thus made on about
200 peaks of high tide.
V. CALIBRATION AND VALIDATION OF THE HYDRAULIC
MODEL
A. Station Justice
1) Global analysis: Figure 3 compares the observed series
in orange and the simulated serie in blue during the calibration
and the validation periods. A good match can be found
between the two series, for both the winters of calibration
and validation.
Fig. 3: Example of simulated and measured series during
calibration and validation - Station Justice
Table IV represents the results of the calculation of statistics
during the calibration and the validation winters (respectively
denoted “CAL” in black and “VAL” in blue in the table). These
results show that the performance of the model during the
calibration and the validation periods are similar. The model
is thus robust.
TABLE IV: Statistical parameters during calibration and val-
idation - Station Justice
Water height
class
Period Mean
error
Mean
absolute
error
Relative
mean
error
Relative
mean
absolute
error
All water CAL -2.9 cm 6.7 cm -0.9 % 8.9 %
heights VAL -3.6cm 6.2 cm -3.3 % 7.1 %
Green CAL -2.9 cm 6.8 cm -0.9 % 8.9 %
vigilance VAL -3.6 cm 6.2 cm -3.3 % 7.1 %
Yellow CAL -1.1 cm 3.9 cm -0.3 % 1.1 %
vigilance VAL 1.2 cm 2.7 cm 0.3 % 0.8 %
2) Analysis of the peaks of high tide: Figure 4 represents
the difference between water height measured and simulated,
and the time offset between the two peaks for each high tide
during the calibration period. These two graphics also show
the water height mesaurement at the moment of the peaks. A
positive value concerning the water height corresponds to an
overestimation of the model relative to measurements, and a
positive value concerning the offset means that the model is
delayed respect to the measurements.
On this figure, regarding the errors on the water heights:
 green corresponds to a difference of less than 5 cm in
absolute value
 blue corresponds to a difference between 5 cm and 10
cm in absolute value
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 orange corresponds to a difference between 10 cm and
15 cm in absolute value
 red corresponds to a difference more than 15 cm in
absolute value
Regarding the errors on the moment of the peak:
 green color corresponds to a difference of less than 6
minutes in absolute value
 blue color corresponds to a difference between 6 minutes
and 18 minutes in absolute value
 orange color corresponds to a difference between 18
minutes and 30 minutes in absolute value
 red color corresponds to a difference more than 30
minutes in absolute value
Fig. 4: Peaks errors, time offsets and associated water height
for high tide during 2013-2014 winter - Station Justice
Figure 4 shows that:
 most of simulated peaks are less than 5 cm of the
measures;
 for only 3 high tides, the model calculates a value with
an error more than 15 cm;
 the model tends to be slightly late for the time of the
peak, with an average error on the time offset of about 3
minutes;
 the high tides for which the model show an important
error (colors orange or red) does not correspond to
important water height at the station.
B. Station Kervir
1) Global analysis: Again, the measured and simulated
series shown on figure 5 indicate that the two series match
well.
Fig. 5: Example of simulated and measured series during
calibration and validation - Station Kervir
Table V represents the results of the calculation of statistics
during the calibration and the validation winters. The model is
robust also on this station, since its performances during the
two periods are similar.
TABLE V: Statistical parameters during calibration and vali-
dation - Station Kervir
Water height
class
Period Mean
error
Mean
absolute
error
Relative
mean
error
Relative
mean
absolute
error
All water CAL -0.1 cm 2.0 cm -0.3 % 1.9 %
heights VAL 0.6 cm 2.0 cm 0.6 % 2.3 %
Green CAL -0.4 cm 1.7 cm -0.5 % 1.8 %
vigilance VAL 0.5 cm 2.0 cm 0.5 % 2.3 %
Yellow CAL 6.3 cm 6.9 cm 3.2 % 3.6 %
vigilance VAL 9.1 cm 9.1 cm 4.7 % 4.7 %
Orange CAL -5.6 cm 5.8 cm -2.1 % 2.2 %
vigilance VAL no data no data no data no data
2) Analysis of the peaks of events: Figure 6 represents the
differences between the peaks of water height measured and
simulated, and the time offset between the two peaks for the
11 events of the calibration period. These two graphics also
show in grey the water height mesaurement at the moment of
the peaks. The colors have the same meaning than before, on
figure 4.
This figure highlights the fact that for most events, the
difference is less than 10 cm between the simulated and the
measured peaks. For only one event, the absolute error is
between 10 and 15 cm. Regarding the time offset of the
water height peaks, the differences between the model and
the measurements is often less than 18 minutes.
Fig. 6: Peaks errors, time offsets and associated water height
for the 11 events selected during 2013-2014 winter - Station
Kervir
C. Station Moulin Vert
1) Global analysis: Figure 7 also shows a general good
match between the two series, during both the winters of
calibration and validation. Results indicated on Table VI also
confirm the robstness of the model on this station.
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Fig. 7: Example of simulated and measured series during
calibration and validation - Station Moulin Vert
TABLE VI: Statistical parameters during calibration and val-
idation winter - Station Moulin Vert
Water height
class
Period Mean
error
Mean
absolute
error
Relative
mean
error
Relative
mean
absolute
error
All water CAL 0.3 cm 3.5 cm -0.1 % 3.3 %
heights VAL -0.2 cm 2.2 cm -0.6 % 3.3 %
Green CAL 0.5 cm 3.3 cm -0.1 % 3.3 %
vigilance VAL -0.2 cm 2.2 cm -0.6 % 3.3 %
Yellow CAL 1.4 cm 5.0 cm 0.8 % 2.6 %
vigilance VAL 1.3 cm 5.3 cm 0.8 % 2.8 %
Orange CAL -16.9 cm 17.5 cm -6.5 % 6.8 %
vigilance VAL no data no data no data no data
2) Analysis of the peaks of events: On figure 8, we can
notice that most events are relatively well represented, with
an absolute error lower than 10 cm. However, one event is not
well reproduced by the model. Regarding the time offset, the
model is in early in comparison to the measurements.
Fig. 8: Peaks errors, time offsets and associated water height
for the 11 events selected during 2013-2014 winter - Station
Moulin Vert
VI. SET UP OF AN OPERATIONAL FORECASTING CHAIN
A. Forecasting chain organization
The 1D hydraulic MASCARET model aims to fit into an
overall prediction tool chain, shown on figure 9. Indeed, a
hydrological model GRP is actually being calibrated. This
model will calculate initial conditions for the hydraulic model
using rain forecasts.
To achieve its forecasts in operational conditions, the SPC
VCB has at its disposal:
 the tide prevision from the “Service Hydrographique et
Oce´anographique de la Marine” (SHOM)
 the storm surge prevision from Meteo France
 the rain prevision from Meteo France
Thus the forecast of water height in operational conditions will
be realized according to the scheme in figure 9.
Fig. 9: Scheme of the operational forecasting chain
B. Example : event of December 23rd, 2013
Figure 10 represents the forecasts of water height at the
three stations Kervir, Moulin Vert and Justice for the event
which occurred on December 23rd, 2013. These results are
not final, since the GRP model is still being calibrated. For
this example, the GRP model is run with rain measurements.
Fig. 10: Results with the global chain: the GRP model cal-
cultes flows, fed into the MASCARET model
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The hydrological model GRP is run every 6 hours. This is
indicated by a vertical line on figure 10. For each run, a graph
shows the prevision of water height done with MASCARET,
for which:
 upstream boundaries conditions (flow) are provided by
the GRP model
 downstream boundary condition (water depth) is the
result of the sum of astronomical tide and storm surge
predictions.
The previsions of water height results depend on the time
at which the hyrological model is run. The best accuracy is
not always achieved by using the latest flow forecast.
VII. CONCLUSION
A hydraulic numerical model for flood forecasts on the city
of Quimper was build with MASCARET. It is intended to be
integrated in a global forecast chain : with tide, storm surge
and rain previsions, the model is able to forecast water heights
in the city several hours in advance. Before this integration,
tests will be carried out in real conditions on at least one
season to validate or not its operationnal utilisation.
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